This study utilizes the finite element method with a twodimensional model of a disk brake and investigates its distributions of the transient temperature, thermal gradient, heat flux, thermal stress and deflection due to friction. A specified initial uniform temperature of the disk is used to simulate heat transfer of the disk. Since the temperature of the disk brake inboard is higher than that of the disk brake outboard, the deflection of the disk brake inboard is larger than those at other locations. The maximum deflection of 0.4 mm occurs at the outer diameter of the disk inboard. The disk expands radial outward and bends from the disk brake inboard toward the disk brake outboard. The coning angle between the disk outboard surface and the original vertical disk outboard surface is 0.39 o , which is comparable with the existing datum of 0.35 o . The principal stresses at the lower mounting location are 184 MPa and 236 MPa. The calculated safety factor is 1.27 based on the modified Mohr theory used for brittle materials, and this disk brake is reliable.
INTRODUCTION
Friction between a disk and a pad plays an important role for the performance of a disk brake. Nevertheless, it is complicated because of the discontinuous and non-uniform contact force on the surfaces of a disk and a pad. Many researchers studied temperature of brake surfaces and thermal effects [1, 2] . Most of models used in existing literatures were over simplified and were focused on the frictional part of the outer ring.
A currently used disk brake degrades its performance due to the thermal effect and the deflection. The schematic drawing and the cross section of the two-dimensional disk brake are shown in Fig. 1 . The purpose of this study is to utilize a twodimensional model of the disk brake in the r and z plane, to investigate the distributions of its transient temperature, thermal gradient, heat flux, thermal stress and deflection due to friction. The feasibility of the brake is also studied. It will provide information for better understanding of the brake state than existing literatures.
METHOD OF APPROACH
The finite element method with quadrangle 4-node elements for a two-dimensional model of the brake as shown in Fig. 1 is applied in the analysis. This study uses the sequential method and incorporates the transient thermal state with the deflection and stress analyses of the disk brake. The sequential method needs two types of elements for the linear static stress analysis to couple with the non-linear transient thermal analysis with a given initial temperature on the boundary. Its advantages are that effects of the thermal and structural analyses can be clearly shown and performed. The disk is made of cast iron FC250D, which is a brittle material. The modified Mohr theory is used to determine the factor of safety for this disk brake. 
RESULTS AND DISCUSSION
The rotational speed of the disk used in this analysis is 940 rpm. The total element number and the total node number of the finite element model of this brake are 1404 and 1553, respectively. The initial uniform temperature distribution on the disk surface of 57 o C obtained from test data and the environmental temperature of 17.2 o C are specified to simulate the convection heat transfer. The total time for the simulation is 333 s. The temperature on the outboard that is about 92.5% of the temperature on the inboard is adapted in this analysis. The hydraulic pressure of the pad acting on the disk is 5MPa and is assumed to be uniform.
The inner ring of the disk brake is fixed at points B, C, D and E on the axle as shown in Fig. 1 . Due to the fixed boundaries at points B, C, D and E and the constraint of the disk brake 
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outboard, the calculated maximum temperature occurs at the disk brake inboard. The temperature of the disk inboard is higher than that of the disk outboard. The maximum temperature of the disk brake versus time is shown in Fig. 2 . The maximum temperature is 375 o C at 333 s. The calculated heat flux concentrates at the fillet radius in the disk brake outboard, and the maximum heat flux occurs at the fillet radius near point A. The maximum heat flux versus time is shown in Fig. 3 , and its maximum value of 413,600 W/m 2 occurs at 200 s. The maximum temperature gradient also occurs at the fillet radius near point A in the disk brake outboard. The maximum temperature gradient of the disk brake versus time is shown in Fig. 4 . The maximum temperature gradient of 8696 o C/m occurs at 200 s. Therefore, the maximum heat flux and the maximum temperature gradient occur at the same location, the fillet radius near point A.
Since the temperature of the disk brake inboard is higher than that of the disk brake outboard, the deflection of the disk brake inboard is larger than those at other locations. The disk expands radial outward and bends from the disk brake inboard toward the disk brake outboard. Figure 5 shows the displacement of the disk brake at 333 s. The coning angle between the vertical edge of the outboard before and after the deflection is 0. Locations with the maximum and the minimum principal stresses are studied. The weakest location of the brake occurs at point B where is the lower mounting point as shown in Fig. 1 . The maximum and the minimum of the principal stresses are 184 MPa and -236 MPa at this location. The calculated factor of safety is 1.27 based on the modified Mohr theory used for brittle materials. Therefore, the disk brake is reliable for application.
Although there are some limitations with two-dimensional model of the brake because of the complexity of its configuration, this study provides the results of the transient thermal state and effects with pretty good accuracy compared with existing data. The results can also be incorporated for design and analysis of related components.
CONCLUSION
This model can provide braking industries a design tool to analyze disk brakes and to reduce design cost. With this model, designers can optimize the brake by varying design parameters, such as dimensions, materials and boundary conditions.
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